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DESCRIPTION 

NONWOVEN FABRICS WITH TWO OR MORE FILAMENT CROSS SECTIONS 

5 Cross-Reference to Related Application 

This application claims the benefit of provisional patent applications Serial No. 
60/313,200, filed August 17, 2001 and Serial No. 60/331,812, filed November 20, 2001, 
which are hereby incorporated by reference in their entirety. 

10 Field of Invention 

Hiis invention relates to new nonwoven fabrics made with two or more filament 
cross sections. The mixed filament cross sections give these new fabrics advantageous 
properties. 



15 Background of Invention 

Nonwoven &brics and numerous uses thereof are well known to those skilled in the 
textiles art. Such febrics can be prepared by forming a web of continuous filaments and/or 
staple fibers and bonding the fibers at points of fiber-to-fiber contact to provide a &bric of 
requisite strength. The term "bonded nonwoven febric" is used herein to denote nonwoven 

20 febrics wherein a major portion of the fiber-to-fiber bondmg referred to is adhesive bonding 
accomplished via incorporation of adhesives in the web to "glue" fibers together or 
axrtogmous bonding such as obtained by heating the web or by the use of liquid or gaseous 
bonding agents (usually in conjunction with heating) to render the fibers cohesive or 
mechanical bonding, particularly autogenous bondmg, the web may be subjected to 

25 mechanical compression to fecilitate obtaining adequate bonding. 

Properties of nonwoven febrics are determined by several fectors, uicluding but not 
limited to, the method used to produce the fabrics, the polymer or polymer combmations 
used, the bonding method, the bond pattern, the fabrics, the structure of the fabric, the 
filament cross section, the filament denier (dpf) and tiie basis weight of the fabric. 

30 Nonwoven fabrics made with filaments with all round, all trilobal or all hollow cross 
sections are commonly found. These filament cross sections impart specific properties to 
the febrics such as opacity or coverage, thickness, lof^ strength, hand or softness, luster. 
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fiber surfece area to facUitate coating, tensile strength, water absoiption and other 
properties. 

Spunbonded nonwoven fabrics formed of nylon, polyester, polypropylene, or other 
man-made polymers are widely used commercially for a number of purposes. Such fabrics 
5 exhibit excellent strength, coverage, hand and penneability properties and accordingly are 
desirable for use in construction fabrics, filtration material, mattress pads, mattress pad 
skirts, medical febrics and furniture and bedding backing materials. The febric can be 
produced via the well-known spunbonding process in which molten polymer is extruded 
through one or more spinnerets into filaments. Bicomponent or muWcomponent spinning 
10 methods as described in U.S. Patent numbers 3,968,307; 4,052,146; 4,406,850; 4,424,257; 
4.424,258; 4,830,904; 5,534,339; 5.783.503; 5,895,710; 6,074,590; and 6,207!276,' 
incorporated by reference, can also be used to make multiconstituent filaments of different 
cross sections. The filaments are attenuated and drawn pneumatically and deposited onto a 
coUection surfece to form a web. The web is then bonded together to produce a strong, 
coherent febric. Filament bonding is typically accompMshed either thermally or chemically, 
i.e., autogenously. Thermal bonding is accomplished by compression of the web of 
filaments between the nip of a pair of cooperating heating calender rolls thereby setting the- 
thickness. In autogenous bonding of nylon filaments, the web of filaments is transported to 
a chemical bonding station or "gashouse" which exposes the filaments to an activating agent 
(i.e, HCl) and water vapor. Water vapor enhances the penetration of the HCl mto the 
filaments and causes them to become tacky and thus amenable to bonding. Upon leaving 
the bonding station, the web passes between rolls which compress and bond the web thereby 
setting the thickness. Adequate bondmg is necessary to minimize fabric fuzzing (i.e., the 
presence of unbonded filaments) and to hnpart good strength properties to the fabric. 
25 Autogenous bonding has been especially used in forming spunbonded nylon industrial 
febrics. Mechanical compression normally sets the loft or thickness of fabrics with similar 
basis weights. .It is common practice to increase thickness and strength by increasmg the 
basis vfdght, or the mass per square area. 

hi many applications, the lightest nonwoven fabric that meets the product property 
30 requirements is used due to cost fectore. A nonwoven fabric that would meet the 
requirements by yieldmg the desired properties at lighter basis weights would reduce costs. 
A process that makes such fabrics would also be beneficial. 



20 
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Thickness or loft and coverage or opacity of nonwoven fabrics is normally 
determined by the basis weight. Increasing the basis weight adds cost due to the use of 
more raw materials. It is desii-able to have increased thickness or coverage in some 
applications where these febrics are used without increasing the basis weight Thickness, 
5 coverage and strength can sometimes be affected by the filament cross section. Lighter 
weight &brics with higher strength, loft or coverage would be more desirable and less 
costly. 

Nonwoven febrics are also used in a variety of coating applications. Coating 
materials will be captured and held more effectively onto a fabric that contains more fiber 
10 surfece area. Fabrics fliat use less coating to effect the same desired results would be more 
cost effective and desirable. 

Fabrics made with trilobal filaments tend to exhibit specular reflection. Althou^ 
triloba! filaments have been effective in increasing coverage or opacity in fabrics, there is a 
need to i^uce the specular reflection or "glittering" of these fabrics. A fabric with the 
15 coverage of a trilobal fabric with no glittering effect would also be advantageous. 

Brief Smnmarv 

The subject invention concerns nonwoven fabrics containing filaments of at least 
two different cross sections. The subject invention ftirther pertams to methods used to 
20 produce these febrics. In an embodiment specifically exemplified herein, the nonwoven 
febric of the subject invention is made of nylon. The non-woven febric can be made by, for 
example, altering the filament cross section in a portion of the capillaries in the same 
spinneret or by using spinnerets with different filament cross sections on opposing sides of a 
spunbond beam. 

25 The subject invention also provides advantageous processes for providing lighter 

fabrics that have flie same properties as febrics having higher basis weights. In a preferred 
embodiment, an improved nonwoven nylon febric is produced by using filaments with at 
least two different cross sectional shapes. An important advantage of the process of the 
subject invention is that it provides a fabric with enhanced coverage and thickness, while 

30 maintaining excellent strength and softness characteristics of the nonwoven fabric. 

In another embodiment, the nonwoven fabric can be produced by mechanically 
blending staple yam with filaments of different cross sections into a web. This web is then 
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formed into a bonded nonwoven fabric using adhesives or mechanical methods such as, but 
not limited to. carding, needle punching, air laying, wet laying, hydroentangling, powder or 
adhesive bonding, air bonding, thermal bonding and chemical bonding. 

In specific embodiments, the fabrics of the subject invention have filaments with 
two or more cross sections that are round, crescent. muWlobal, oval, diamond or a cross 
section with voids (hollow filaments). The multilobal filaments have at least two lobes and. 
preferably, three or more lobes. In a preferred embodiment, the multilobal filaments are 



trilobal. 



The use of multUobal filaments is particularly advantageous for maximizing 
coatings since these filaments have more sm^ce area. The fabrics may have a dpf ranging 
fi-om about 0.5 dpf to about 20 dpf 



20 



25 



30 



Detailed Diijipj ofiiiTP! 

In the foUowing detailed description of the subject invention and its preferred 
15 embodiments, specific terms are used in describing the invention; however, these are used 
in a descriptive sense only and not for the purpose of limitation. It will be apparent to the 
skilled artisan having the benefit of the instant disclosure that the invention is susceptible to 
: numerous variations and modifications within its spirit and scope. 

The present invention concerns nonwoven fabrics with filaments of two or more 
different cross sections that provide properties better than febrics with filaments of a single 
cross section. As used herein, reference to two or more cix>ss sections refers to the shape of 
the cross sections. The subject invention fiirther concerns methods used to produce these 
febrics. 

The febrics of the subject invention have, for example, increased coverage or 
opacity compared to conventional nonwoven febrics and have higher thickness while 
maintaining softness and strength at the same basis weight and dpf. In a preferred 
embodiment, round filaments are mixed with trilobal filaments to produce nonwoven 
febrics. These febrics have more opacity, stronger tensile properties and hold more coating 
material than fabrics made with only round cross section filaments because the trilobal 
filaments add strength by the way they pack in the febric and add opacity by the way they 
reflect light. They also hold more coating material since trilobal filaments have more 
sur&ce area. 
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Hie nonwoven fabrics of the subject invention have basis weights from 0.1 ounce 
per square yard up to 7 ounces per square yard. In a preferred embodiment, the weight of 
the fabric produced as described herein is between about 0.5 and about 2.5 ounces per 
square yard. In a specific embodiment, the fabric is about 1.15 ounces per square yard. The 
5 characteristics of the fabrics of the subject invention are achieved utilizing filaments having, 
for example, round, crescent, diamond, oval, hollow, and/or multilobal cross- sections. 

In a preferred embodiment, the predominant fiber cross section is selected fi"om the 
group consisting of round, multi-lobal, cresent, hollow, diamond and oval. As used herein, 
reference to the "predominant" cross section means that, by mmiber, ttiat cross section 

10 makes up a greater percentage of the filaments than any other single cross section. In a 
preferred embodiment, the predominant cross section comprises at least about 10% by 
number of the filaments. More preferably the filaments with the predominant cross section 
comprise at least 15%. The filament with the predominant cross section may comprise up 
to 95% of the filaments by niraiber. Thus, the filaments with the predominant cross section 

15 may comprise fiom about 10% to about 95% of the filaments by number. The percentage 
can be any percentage between 10 and 95 and every such percentage between 10 and 95 is 
specifically contemplated by the subject matter. 

The remaining filaments, in addition to the predominant filament are preferably 
selected from the group consisting of round, multilobal, crescent, hollow, diamond and oval. 

20 As used herein, reference to hollow filaments contemplates one or more voids witiUn the 
filaments. 

Tlie subject invention fiirther concerns methods to produce these febrics that contain 
filaments with at least two different cross sections. Any man-made (synthetic) polymer can 
be used, such as, but not lunited to, polycaprolactum, polyamide, polyester, polyethylene, 

25 polypropylene, polylactic acid, nylon 10, nylon 11 and nylon 12. Blends and mixtures of 
man-made polymers can also be used. Conjugate spinning or multicomponenet spinnmg 
methods, known to those skilled in the. art, can be employed to make filaments of at least 
two different polymer types with two or more different cross sections. 

The fabrics can be produced by, for example, mstalling spinnerets wifii capillaries of 

30 different cross sections on different positions, sides or beams of a spunbond machine. 
Spinnerets with different capillary cross sections or capillary sizes within the same spinneret 
can also be used. The fabrics can also be produced by blending fiber with filaments of 
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different cross sections using carding methods and then using dispersing mefliods to 
produce a nonwoven web such as, but not limited to, air laying or wet laying methods, 
needle punching or hydoentangling. This web is then fonned into a nonwoven fabric using 
adhesives or mechanical methods such as, but not limited to, powder or adhesive bonding, 
5 au: bondmg, thermal bonding or chemical bonding. Discrete bonds between the filaments 
may account for 5% to 50% of the area of the fabric and, more preferably, 16% to 24% of 
the area. 

The fabrics of the subject mvehtion can also be produced by extruding a plurality of 
continuous filaments, directing the filaments through an attenuation device, such as slots or 
10 jets, to draw the filaments, depositing the filaments onto a collection surfece such that a web 
is fonned, and bonding the filaments together either autogenously or thermally to form a 
coherent, strong febric. In a specific embodiment, the fibere (filaments) of the fabric of the 
subject invention need not be crunpled. In a further specific embodiment the fibers are not 
melt blown. In a finther specific embodiment, the filaments are continuous. 

As would be appreciated by those skiUed in the art, reference herein to the molecular 
orientation of a filament pertains to the alignment or arrangement of polymer chains in the 
filament Molecular orientation is increased when filaments are drawn. In contrast to 
. : spunbond filaments, melt blown filaments are not drawn and therefore have little to no 
-• orientation of their polymer chains. 
20 In a specific embodiment of the subject invention, fabrics with two or more filament 

cross sections can be made usmg a nylon spunbond method utilizing a slot drawing 
mechanism or attenuation jets. Typically, the nylon compound will be nylon 6, 6 and/or 
nylon 6; however, other man-made fibers &om polymers such as, but not limited to, 
polyester, polypropylene, polyethylene or other polyamides or combinations of such can be 
used. Also, mixtures, blends or copolymers can be used as taught in U.S. Patents 5,43 1,986 
and 5,913,993 botii of which are incorporated herein by reference. 

hi one embodiment, polyethylene, polypropylene, and/or polyester can be added to 
the nylon material. This produces a softer feel and increases water repellency. In the case 
of polyethylene, the polyethylene should have a melt index between about 5 grams/10 min 
30 and about 200 grams/10 min and a density between about 0.85 grams/cc and about l.l 
grams/cc. The polyethylene can be added at a concentration of about 0.05% to about 20%. 



15 



25 
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Nylon filaments produced during the process of the subject mvention may be 
bonded chemically, ultrasonically, or thermally. In one embodiment, HCl gas and water 
vapor can be applied to achieve boding as described in U.S, Patent 3,853,659 incorporated 
herein by reference. In anodier embodiment, the filaments may be heated to, for example, 
5 between ISO^'C and about 250*'C. Preferably, the filaments are heated to between about 
200**C and 235*^0. 

It should be understood that the examples and embodiments described herein are for 
illustrative puiposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
10 this application and the scope of the appended claims. 

Example 1 

Nonwoven fabric samples with two or more filament cross sections can be made 
using nylon 6,6 polymer by installing a spinneret with round capillaries on one side and a 

15 spinneret with trilobal capillaries on the other side of a dual spinning beam. Other 
combinations of cross sections can be used as shown in Table 1 below. The number. of 
spinneret holes can be adjusted to produce &brics with filaments that are less than 1.5 times 
larger than the smallest filaments in the febric. Spinnerets with the same number of holes 
and the same spinneret throughput will yield the same dpf for all filaments. The nylon 6,6 

20 polymer can be melted and extruded at a temperature of about 295**C. Filaments can tihien 
be attenuated and drawn pneumatically using aspirating jets or a slot device and deposited 
onto a laydown or forming box. The resulting webs can flien be directed to a calender where 
about 20% of the surface area is bonded at discrete points at a temperature of about 216**C. 
It is expected that febrics with some trilobal filaments will have higher opacity at the same 

25 basis weight than fabrics containing only round filaments. 



30 
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Table 1. Possible Combinations of cross sections for Example 1 



Cross Section on One Side of Beam 



Cross Section on Other Side of Beam 



Crescent 



Hollow 



Diamond 



Round 
Round 



Oval 



Multilobal 



Trilobal 



Hollow 



Trilobal 



Diamond 



Trilobal 
Trilobal 



Oval 



Hollow 



Multilobal 



Diamond 



Oval 



Dimaond 



Multilobal 



Oval 



Diamond 



Multilobal 



Trilobal 



Hollow 



Crescent 
Crescent 



Crescent 



Diamond 



Oval 



Multilobal 



Multilobal 



For comparison, commercially available febrics under the trade name of "PSN-IT', 
Type 30 and Type 31 by CEREX Advanced Fabrics, Inc. ai^ made with round filaments in' 
the entire web and trilobal filaments in the entire web, respectively. 

Example 2 

Nonwoven fabric samples can be made usmg nylon 6,6 polymer by installing a 
spinneret or spinnerets where more than 50% but less that 95% of the capillaries are of a 
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round cross section and the remaining are of a trilobal cross section. Placing the different 
cross sections in Ihe same spinneret will yield the same dpf for all filaments- 

The nylon 6,6 polymer can be melted and extruded at a temperature of about 295®C. 
Filaments can then be attenuated and drawn pneumatically using aspirating jets or a slot 
5 device and deposited onto a laydown or forming box. The resulting webs can then be 
directed to a calender where about 20% of the sur&ce area is bonded at discrete points at a 
temperature of about 21 6®C. 

Combinations of two different cross sections as shown in Table 1 can also be used to 
produce sample fabrics. Combinations of three or more filament cross sections can be 
10 created by adding one or more different cross sections in any possible combination to the 

i 

items in Table 1 above. Filaments fi'om each different ca-oss section must comprise at least 
five or more percent of the total number of filaments. Filaments fi-bm any of the cross 
sections can make up the largest percentage of the total filaments in the web. For example, 
a fiibric can be comprised of 40% hollow filaments, 25% round filaments, 25% trilobal 
15 filaments, 5% diamond filaments and 5% oval filaments. 

Example 3 

Nonwoven &bric samples, can be made using nylon 6,6 or nylon 6 polymer or a 
combination of botii as in example 1, except, the resulting web can be autogeneously 
20 bonded by directing the web to a chemical bonding station where tiie web filaments are 
bonded using HCl gas and water vapor at a temperature around 39X. The fabrics are 
produced by chemically bonding the filaments together in a gas house. The web is then , 
subjected to a roll treatment in which the web is compacted and further bonded. 

25 Example 4 

Nonwoven fabric samples can be made using nylon 6,6 or nylon 6 polymer or a 
combination of both as in Example 2, except, the resulting web can be autogeneously 
bonded by directing the web to a chemical bonding station where the web filaments are 
bonded using HCl gas and water vapor at a temperature around 39°C. The febrics are 
30 produced by chemically bonding the filaments together in a gas house. The web is then 
subjected to a roll treatment in which the web is compacted and fiirther bonded. 
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Example S 

Nonwoven fabric samples can be made using polyester, polypropylene or 
polyethylene by installing spinnerets on respective sides of a spin beam as described in 
Example 1. The specific polymer must be melted and extruded at the appropriate 
temperature to achieve satisfectory spinning performance. Filaments can then be attenuated 
and drawn pneumatically using aspirating jets or a slot device and deposited onto a laydown 
or forming box. The resulting web can then be directed to a calender where about 20% of 
the surfece area is bonded at discrete points at the appropriate temperature required to bond 
ihe web based on the polymer. 

Example 6 

Nonwoven febric samples can be made as described in Examples 1 through 5 above 
using mixtures, blends or copolymers of man made polymers. 

15 Example? 

Nonwoven febric samples can be made as described in Examples 1 through 6 above 
using conjugate spinning or bicomponent spinning methods. 



10 



20 



Example 8 

A web of filaments can be produced with a blend of filaments with different cross 
sections in combinations listed in Table 1. Filaments with different cross sections can 
comprise at least one and, preferably, at least five or more percent of the total number of 
filaments. The web can then be formed into a bonded nonwoven fabric usmg adhesives or 
mechanical methods using the processes commonly referred to as carding, needle punching, 
25 wet laying, air laying, hydroentagling, powder or adhesive bonding, through air bonding, 
thermal bonding or chemical bonding. 

Example 9 

Fabrics can be produced as described in Examples 1 through 8 above with mixed 
30 filaments of different cross sections. Certain cross sections can cause spectral reflection 
which is not desirable in some applications. SmaU amounts of titanium dioxide can be 
added if spectral reflection is objectionable. 



BNSOOCtO: <WO_030iee08A1J_> 



11 

Example 10 

Nonwoven febric samples can be made using nylon 6,6 polymer by installing a 
spiraieret or spinnerets where at least 14.5% of the capillaries are of a round cross section, 
5% are of a trilobal cross section and the remaining capillaries are a combmation of oval, 
5 multilobal, hollow, crescent or diamond cross sections. Placing the different cross sections 
in the same spinneret will yield the same dpf for all filaments. The nylon 6,6 polymer can 
be melted and extruded at a temperature of about 295°C. Filaments can then be attenuated 
and drawn pneumatically usmg aspirating jets or a slot device and deposited onto a lay 
down or forming box. The resulting webs can then be directed to a calender where about 

10 20% of the surfece area is bonded at discrete points at a temperature of about 216'*C. Other 
percentages of different cross sections can be used to produce sample febrics. Filaments 
from any of the cross sections can make up tiie largest percentage of the total filaments in 
the web. For example, a fabric can be comprised of 40% hollow filaments, 25% multilobal, 
10% round filaments, 10% trilobal filaments, 2% diamond filaments, 8% crescent, and 5% 

15 oval filaments. 

It should be understood that flie examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light thereof will 
be suggested to persons skilled in the art and are to be included within the spirit and 
20 purview of this application. 
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In the Claims 



We claim: 



1. A nonwoven fabric comprising a plurality of polymeric filaments with molecular 
orientation bonded to one another to form a nonwoven web with a basis weight between 0.1 
ounce per square yard and 7.0 ounces per square ya«l, wherein said fabric comprises 
filaments of two or more different cross sections. 

2. The nonwoven febric. according to claim 1, wherein the predominant filament 
comprises at least about 1 0% of the filaments by number. 

3. The nonwoven febric, according to claim 1, wherein the predominant filament 
makes up at between 25% and 75% of &e filaments by number. 

4. The nonwoven febric, according to claim 1, wherein the predominant filament 
has a cross section selected 6om the group consisting of round, multilobal. crescent, hollow, 
diamond and oval. 

5. The nonwoven febric, according to claim 3, wherein the predominant filament 
has a round cross section. 

6. The nonwoven febric, according to claim 4, wherein said filaments with round 
cross sections make up between about 10% and about 95% of the filaments by number. 

7. The nonwoven febric. according to claim 1, wherein said febric comprises round 
and multilobal filaments. 



8. The nonwoven fabric, according to clafan 7, wherein said multilobal filaments are 

triloba!. 
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9. The nonwoven fabric, according to claim 1, wherein the filaments are made from 
polyamide, polycaprolactum, nylon 11, nylon 12 or nylon copolymers or a combination of 
these nylon polymers. 

10. The nonwoven fabric, according to claun 1, wherein the filaments are made 
from nylon; polyester, acrylic, polyethylene, polypropylene, polylactic acid, polyvmyl 
alcohol polymers or a combination of tisese polymers. 

11. The nonwoven fabric, according to claim 1, wherein the filaments are conjugate 
fibers made fiom nylon, polyester, acrylic, polyethylene, polypropylene, polylactic acid, 
polyvinyl alcohol polymers or a combination of these polymers. 

12. The nonwoven febric, according to claim 1, that is thicker Aan a nonwoven 
&bric consisting of round cross section filaments of the same denier and same basis weight. 

13. The nonwoven febric, according to claim 1, that is stronger than a nonwoven 
&bric consisting of roimd cross section filaments of the same denier and same basis weight. 

14. The nonwoven frtbric, according to claim 1, ihat is softer than a nonwoven 
&bric consisting of round cross section filaments of the same denier and same basis wei^t. 

15. The nonwoven &bric, according to claim 1, that is more opaque than a 
nonwoven fabric consisting of round cross section filaments of the same denier and same 
basis weight 

16. The nonwoven fabric, according to claim 1, that has enhanced wicking 
performance compared to a nonwoven &bric consisting of round cross section filaments of 
the same denier and same basis weight. 

17. The nonwoven febric, according to claim 1, that has enhanced insulating 
performance compared to a nonwoven febric comprised of round cross section filaments of 
the same denier and same basis weight. 
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18. The nonwoven fabric.-according to claim 1, wherein the filaments of said 
spunbonded fabric are autogenously bonded to one another at discrete points 
throughout the fabric. 

19. The nonwoven fabric, according to claim 1. wherein 5% to 50% of the 
fabric area is bonded to one another at discrete points throughout the fabric. 

20. The nonwoven fabric, according to claim 19, wherein 16% to 24% of the 
fabric area is bonded to one another at discrete points throughout flie fabric. 

21. A method of producing a nonwoven fabric comprising filaments with 
molecular orientation and wherein the filaments have two or more different cross 
sections; wherein said method comprises using spinnerets that have different cross 
sections to form filaments and directing a pluraUty of said filaments onto a collection 
surfece to form a web. 

22. The method, according to claim 21, wherein discrete bond sites are 
formed in the fabric by heating the web of filaments in discrete areas and forming 
theomal bonds. 

23. The method, according to claim 22, wherein the discrete thermal bonds 
comprise 5% to 50% of the fabric area. 

24. The method, according to claim 23, wherein the discrete Ihennal bonds 
comprise 1 6% to 24% of the fabric area. 

25. The method, according to claim 21, wherein a multipHcity of discrete 
bond sites is formed in the fiibric by forming bonds autogenously at the filament cross 
over points. 

26. The method, according to claim 25, wherem the filaments are nylon and 
the step of forming bonds autogenously at the filament cross over points comprises 
contacting the filaments with gas which will render the filaments cohesive and form 
bonds at their cross over points. 

SUBSTITUTE SHEET (RULE 26) 
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27. The method, accordjuSg to claim 21, wherein the same spinneret forms 
filaments with two or more different cross sections. 

28. The method, according to claim 21, wherein different spinnerets are used 
to form filaments with two or more different cross sections. 
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NON-ROUND SPINNERET PLATE HOLE 



The present invention relates to a spinneret plate for 
manufacturing a nonwoven fabric, having multiple non-round 
holes, which are similar to trilobal or luultiarmed holes in 
particular, for polymer flow outlet to produce filaments, 
identical holes being positioned in rows offset with respect to 
one another. 



10 



15 



Methods are known for producing filaments having a non-round 
cross section in the manufacture of nonwoven fabrics. This 
cross section may be, for example, trilobal, i.e. the cross 
section has three arms that are connected to each other at a 
centre. It is also possible to create, for example, star-shaped 
or other non-round cross sections. For example, a method is 
known from German Patent No. DE 36 341 46 Al for creating a 
nonwoven, fibrous fabric using a spinneret plate in which the 
spinneret plate is furnished with "bilobal" holes. These 
bilobal holes each consist of two circular apertures which are 
connected with one another by a connecting element. German 
Patent No. DE 36 341 46 Al further describes other slot 
geometries that are known in the related art and used in 
spinneret plates. These may have the form of slit-shaped, 
triangular, half-mobn, or also T-shaped apertures in spinneret 
25 plates. 

The object of the present invention is to ensure that non-round 
filaments having uniform properties are produced that may be 
used in manufacturing a nonwoven fabric. 



20 



30 



5 



This object is achieved with a spinneret for manufacturing a 
nonwoven fabric having multiple non-round holes, which are 
similar to trilobal or multiarmed holes in particular, and 
which have the features according to Claim 1, with a spin 
packet having the features according to Claim 7, and with a 
method for cooling and/or stretching a molten polymer material 
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having the features of Claim 11. Further advantageous 
configurations and refinements are indicated in the respective 
subordinate claims . 

5 A spinneret plate for manufacturing a nonwoven fabric has 
multiple non-round holes, which are similar to trilobal or 
multiarmed holes, for polymer flow outlet to produce filaments. 
The spinneret plate has identical holes in rows that are offset 
with respect to each other. A first row has a positional 

10 arrangement of the holes which differs from the positional 
arrangement of a second row of holes through rotation of the 
holes. A uniformly shaped, directed blowing of the polymer 
material exiting each hole may be achieved by rotation of the 
holes. Blowing is effected particularly using a cooling gas, 

15 which is upon impinging for example perpendicularly on the 
polymer material being discharged. The cooling gas may also be * 
upon impinging at an inclined angle, thereby causing the 
polymer material to be stretched during production of the. 
filaments- An approximately similar blowing, for example with a 

20 cooling gas through holes that are arranged one behind the 
other, may be achieved by rotating the holes. 

According to an improvement, rows of holes may be placed in 
more than just one different positional arrangement by rotation 

25 of the holes. Instead, the holes may also be arranged offset 
with respect to each other. This means that for example holes 
in a first row as seen from the blowing direction do not 
obscure holes in a second row that are arranged behind them. 
Instead, the holes of at least this second row are also 

30 surrounded by cooling gas that has not yet been diverted by 
other polymer material. 

One refinement provides that the spinneret plate has different 
types of holes. The facility to rotate the holes means that 
35 blowing may be kept uniform even if the holes have differing 
cross sections. This in turn influences the properties of the 
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filaments. Rotation may be synchronised with the cross section 
of the holes, blowing conditions, flow rate of the polymer and 
other parameters so that the properties of the filaments may be 
adjusted in a targeted manner. This may be used for example to 
5 modify the longitudinal or transverse mechanical .strength of 
the filaments, their opacity and other properties. 

Another provision envisages that the spinneret plate is divided 
into at least two regions, and that the first region and the 
) 10 second region are each furnished with two or more rows of 
identical holes. In particular, one region only has holes of a 
certain dimensioning and/or geometry. The regions are 
preferably separated from each other, for example by a gap that 
extends between the holes of different regions. In particular, 
15 the separation between holes of a region is the same size or 
smaller than the gap between two regions . This allows a number 
of additional possibilities. On the one hand, a certain 
separation, and thus also a certain bundling of filaments may 
be obtained, which bundling is reflected subsequently for 
20 example in the nonwoven fabric. On the other hand, a larger 
separation between different regions enables processes to take 
place in this gap that would be disruptive for the filament 
manufacturing process if they were performed in other areas of 
the spinneret plate. For example, the gap may be used as a 
25 mixing zone for different cooling flows. In particular, the 
holes between the regions may be rotated and preferably also 
offset with respect to each other. An improvement provides that 
the first region has a positional arrangement of the holes 
which is rotated by 180 relative to the positional arrangement 
30 of the holes in the second region. This syiranetrical inversion 
of the positional arrangement of the holes with respect to each 
other enables blowing to take place in uniform manner, 
especially if the spinneret plate is blown with a cooling gas 
from two sides. In this way, it is possible to ensure that 
35 comparable rows of different regions are blown in at least an 
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approximately similar manner, so that filaments are also formed 
similarly. 

A further provision of the invention envisages that a spin 
5 packet including at least a first and a second spinneret plate 
is provided, the first and second spinneret plates being 
positioned neighboring one another in the spin packet. The 
first and the second spinneret plates each have non-round 
holes, the holes in the first spinneret plate being positioned 

10 rotated in relation to the holes in the second spinneret plate. 
The advantage of this arrangement is that the construction of 
spinneret plates for a spin packet is the same. However, then 
the spinneret plates are installed, they are offset with 
respect to one another. As a result, it is possible to proceed 

15 preferably with manufacturing equipment and manufacturing j igs 
that already exist. 

The spin packet preferably has an installation protection 
cooperating with the respective spinneret plates. This 

20 installation protection ensures that the spinneret plates may 
also be installed only in the positions to which they are 
allocated. This installation protection may be provided for 
example using tongue and groove connections between the 
spinneret plates and the spin packet. This modular construction 

25 of the spin packet also enables different spinneret plates to 
be used in combination. This in turn allows of a wide variety 
of variants in terms of the geometries, rotations and also 
offsets of the holes with respect to each other in the spin 
packet . 



30 



35 



According to a further refinement, multiple spinneret plates 
are positioned neighboring one another in the spin packet, each 
of the spinneret plates having only a certain number of rows of 
holes. For example, one spinneret plate has 15 or fewer, 
particularly 10, preferably 5 and fewer holes. This enables the 
positional arrangement of the holes for example to be rotated a 
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little farther from one spinneret plate to the next, for 
example. It is then also possible for correspondingly suitable 
positional arrangements of the holes and therewith also angles 
of rotation to be set for different blowing behaviors of the 
5 spinneret plates without the need to produce entirely new 
spinneret plates. Moreover, with the arrangement of different 
spinneret plates in the spin packet, it is possible use 
combinations of different types of holes depending on the 
intended use of the nonwoven fabric to be manufactured- Thus 
) 10 for example the first and/or the second spinneret plate may 
each include various types of holes, in this way, a wide 
variety of different holes may be used in combination in one 
spin packet. This may then be implemented advantageously if 
various properties, such as the fabric layer'' s insulating 
15 behaviour, the liquid absorbency of the nonwoven fabric to be 
produced, or even a liquid-repellent property of the fabric, 
are to be set in a specific manner by means of the different 
cross sections, including the use of filament cross sections 
appropriate to the purpose. 

20 

A further provision of the invention envisages a method of 
cooling and/or stretching a molten polymer material during 
spunbonded fabric manufacturing. The polymer material is 
discharged from multiple non-round holes, which are at least 

25 similar to trilobal or multiarmed holes, in at least one 
spinneret plate. In so doing, the polymer material forms 
polymer filaments. A first gas flow from a first side and a 
second gas flow from a second side are each upon impinging on 
the polymer material as it exits the holes. The first gas flow, 

30 at least when it is upon impinging on a first row of polymer 
filaments, is guided along the shape thereof in mirror image to 
the guidance of the second gas flow when that is upon impinging 
on a first row of polymer filaments in the same location. This 
mirror imaging of the blowing from two separate, especially 

35 opposing holes causes the formation of the polymer filaments to 
become more uniform, so that the properties of the polymer 



wo 2004/044283 




PCT/EP2003/012540 



- 6 - 



filaments and thus also of the nonwoven fabric also become more 
homogenous. In addition, this also particularly means for 
example that the gas flows used may be applied to the polymer 
filaments at speeds different than those of conventional, 
5 opposing gas flows used in producing spunbonded fabrics. 

An improvement provides that the first cooling stream and the 
second cooling stream are guided in mirror image to one another 
over multiple rows of polymer filaments. To this end, the holes 

10 used are preferably constructed as mirror images of each other, 
and also having the same dimensioning. Preferably, the first 
and the second gas flows are each deflected at least in part 
from a first polymer filament row onto a neighboring second 
polymer filament row. For this purpose rows of holes that are 

15 arranged one behind the other are preferably offset with 
respect to each other. For example, holes may at least 
partially overlap each other when viewed in the direction ' of 
flow. The shape and disposition of the hole may also cause the 
exiting polymer material to assume a filament cross section 

20 that causes the blown gas flow to change direction. A gas flow 
is preferably deflected by a first polymer filament row onto a 
subsequent polymer filament row in such manner that the second 
polymer filament row is also subjected to a directed blowing 
action. 

25 

According to a further provision of the invention, a device for 
manufacturing spunbonded fabric is created. The device for 
manufacturing spunbonded fabric has a first and a second gas 
supply for cooling and/or stretching filaments. The first and 

30 the second gas supplies are preferably positioned so that they 
operate parallel to one another. Preferably, they have at least 
partially diametrically opposed escape openings. Additionally, 
the device for manufacturing spunbonded fabric has multiple 
identical spinneret holes, which have a non-round cross- 

35 section. A first region of identically aligned spinneret holes 
discharges in a blowing region of a first gas fluid escape 
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opening. A second region of identically aligned spinneret holes 
discharges in a blowing region of the second escape opening of 
the second gas supply. The first and the second regions are 
spatially separated from one another, the spinneret holes of 
5 the first region being rotated relative to the spinneret holes 
of the second region such that a polymer material that is 
discharged from the spinneret holes is subjected to identical 
blowing in the first' region and in the second region. 

) 10 The filaments produced in this way may then be deposited for 
example on a travelling screen and processed further. The 
unifonn blowing from at least two sides on holes that are each 
aligned identically with respect to the direction of blowing 
further enables for example the gas fluid to be used as a 
15 carrier medium. Additives in the gaseous or liquid or solid 
phase may be mixed into the carrier medium. These additives may 
modify at least the surface of the filaments. 

Further advantageous configurations and refinements will be 
20 explained in detail in the following drawing. The features 
represented and described therein may be combined with the 
features described in the foregoing to create yet other 
configurations of the invention, without the need to specify 
these individually. In the drawing: 



25 



Fig.l 



Shows a first spinneret plate with non-round holes. 



Fig. 2 



Shows a second spinneret plate with non-round holes. 



30 Fig. 3 



Shows a cross section of Fig. 2 with a hole as shown 
in Fig . 2 , 



35 



Fig. 4 



Is a plan view of spin packet with two spinneret 
plates with non-round holes installed in the spin 
packet and 
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Fig. 5 Is a diagraimnatic view of a device for manufacturing 

spunbonded fabric. 

Fig.l shows a first spinneret plate 1 with a first row 2 of 
5 non-round holes 3. Non-round holes 3 have a trilobal cross 
section. First row 2 is blown by a gas flow, which is indicated 
by arrows. Non-round holes with trilobal cross-section are 
arranged in the first row 2 such that one leg extends 
approximately parallel to the direction of blowing of gas flow 

10 4. In this way, the flow of gas 4 that is upon impinging on a 
polymer, material is split and deflected along the other legs of 
non-round hole 3. This deflection particularly takes place in 
such manner that partial flows 5 of gas flow 4 are upon 
impinging on siabsequent second holes 6 of a second row 7 which 

15 is arranged behind the first. First non- round holes 3 and the 
second holes .6 may have the same shape, as shown, but they may 
also have differing shapes. They may also differ in their 
dimensions. Second holes 6 in second row 7 are set at an 
inclined angle relative to those in the first row 2. As is 

20 indicated in Fig.l, the rotation in a row may be uniform for 
all holes, or it may be varied for different holes. Partial 
streams 5 are preferably either directly upon impinging on a 
leg of the holes or are in turn directed approximately parallel 
to a leg of the subsequent hole, before they are deflected 

25 again. In particular, one arrangement of the holes in the first 
row 2 and the second row 7 may be configured so that turbulence 
is created at a specific location in gas flow 4 upon impinging 
on the polymer filaments above spinneret plate 1. In addition, 
the holes of various rows may be arranged such that a kind of 

30 jet effect is produced between neighboring holes. For example, 
neighboring holes are arranged so that a narrowing 8 is 
produced, which causes partial flow 5 to accelerate. On the 
other hand, the option also exists of providing a widening 9. 
This widening would cause a reduction in the flow speed of 

35 partial flow 5. It is also possible to arrange identically 
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aligned holes in rows one behind the other, without interposing 
a row of holes that is arranged differently. 

Fig. 2 shows a second spinneret plate 10 with a first region 11 
5 and a second region 12. First region 11 is furnished with 
trilobal holes 13. Second region 12 has identical trilobal 
holes 13, but the latter are arranged in a mirror image of 
those in first region 11. A gap 14 is located between first 
region 11 and second region 12. This gap 14 preferably does not 
) 10 include any holes from which polymer material is discharged to 
form filaments. However, suction orifices 15 and/or gas flow 
baffles 16 for example may be situated in the gap. While the 
gas flow may be drawn inside a spunbonded device via suction 
orifices 15, the gas flow is deflected by gas flow baffles 16 
15 in such a way that it is redirected towards the point at which 
the polymer material is discharged from trilobal holes 13. 

Fig. 3 shows an enlarged trilobal hole 13 according to Fig. 2. 
Trilobal hole 13 has three arms, a first arm 17, a second arm 
18 and a third arm 19. The three arms 17, 18, 19 are preferably 
arranged with an angle of 120^ relative to each of the other 
two. However, various angle ratios may also be set for the 
trilobal hole 13. For example, a first angle 20 may be smaller 
than a second angle 21 and a third angle 22. Preferably 
however, all trilobal holes 13, not only in one region of the 
spinneret plate, are aligned in the same direction. Rather, the 
first arm 17 points in the direction from which the cooling air 
is flowing, as shown in Fig. 3. This enables a uniform flow of 
cooling air into the interstitial areas between the fibres, 
uniform fiber cooling and prevents turbulence or eddies or 
other disturbances between fibres from different rows. Arms 17, 
18, 19 may also be different in length. For example, all three 
arms 17, 18, 19 be of different lengths, or even only one arm 
may be longer or shorter. First arm 17 is preferably shorter 
than second arm 18 and third arm 19. Because the polymer 
material exiting from first arm 17 is exposed to a cooling air 
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flow on both sides, the temperature falls more quickly there 
than for the polymer material that exits trilobal hole 13 along 
second arm 18 and third arm 19. To compensate for this unequal 
cooling and stretching behaviour, arm 17 for example may be 
5 shortened. Moreover, differing geometry of the trilobal hole 
with respect to the blowing provides the capability to carry 
out a specific rotation of the filaments produced. For example, 
the cooling air flow may have the effect of a kind of rotation. 
It is also possible to achieve a crimping effect on the 
10 filaments or fibres thus produced by varying the stretching 
and/or cooling effects of arms 17, 18, 19. 

Fig. 4 shows a spin packet 23 with a third spinneret plate 24 
and a fourth spinneret plate 25. Both spinneret plates are 

15 blown in parallel, but from opposite directions. A gap 26 is 
also provided between the two spinneret plates 24, 25. Gap 26 
preferably creates a separation from 1 to 100 mm, particularly 
from 5 to 25 mm. Such a separation may also be present in the 
between different regions of spinneret plate, as shown for 

20 example in Fig.l. Rows of spinneret holes in spinneret plates 
24, 25 themselves are preferably separated by a distance that 
is smaller than gap 26. A spinneret plate or region of a 
spinneret plate also preferably has 5 to 15 rows of spinneret 
holes 27. 

25 

Fig. 5 is a diagrammatic view of a device 28 for manufacturing 
spunbonded fabric. Device 28 for manufacturing spunbonded 
fabric 28 includes a single spinneret plate 29. Single 
spinneret plate 29 includes trilobal holes -not further shown- 

30 through which the first polymer filaments 30 and second polymer 
filaments 31 are discharged. For the sake of clarity, the 
figure shows only one of each polymer filament, highly 
enlarged. The trilobal holes in single spinneret plate 29 are 
arranged so that first polymer filaments 30 are discharged from 

35 single spinneret plate 29 with a leg aligned parallel to a 
first cooling air flow 32. First cooling air flow 32 is 
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indicated by the arrows. The cooling air flow may pass directly 
below single spinneret plate 29, but may equally well be at a 
distance therefrom or * over an area. At the same time, cooling 
air flow 32 may pass at right angles to the outflow direction 
of first polymer filaments 30, or it may also be at an angle 
inclined thereto. While first polymer filaments 30 are arranged 
in a first area, second polymer filaments 31 are arranged in a 
second, separate area. Second polymer filaments 31 are blown by 
a second cooling air flow 33, and optionally stretched. Second 
cooling air flow 33 is blown parallel to the first cooling air 
flow 32. Due to the arrangement according to which the trilobal 
holes in the first region are mirrored by the trilobal holes in 
the second region, the polymer filaments produced are cooled 
more uniformly, and as a consequence the properties of the 
nonwoven fabric produced from the polymer filaments are also 
more uniform. 

The nonwoven fabric produced using these spinneret plates or 
such spinneret plates installed in a spin packet is preferably 
20 used in sanitary products, household articles, in nonwoven 
fabrics for technical applications, such as in filter wadding, 
in the construction industry, in medical applications, for 
clothing, particularly protective clothing or similar 
applications. The nonwoven fabric may consist of a single ply 
25 or multiple plies, may include different fabric types, may have 
one or more coating films. The filaments produced may be made 
from a polyolefin, a polyolefin mixture, for example as a 
bicomaterial also made from polypropylene and polyethylene - 
Other geometries may also be used besides the trilobal holes 
30 described, for example ^^c'% ^^u", ^^v'', or more complex 

shaped holes. One or more different geometry types may be used, 
and these may be used at least partly in combination with each 
other and/or separated entirely from each other in separable 
regions. 
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Claims 

1. A spinneret plate (1), for manufacturing a nonwoven 
fabric, having multiple non-round (3) holes, which are 
similar to trilobal or raultiarmed holes in particular, for 
polymer flow outlet to produce filaments, in which 
identical holes (3) being positioned in rows offset to one 
another, characterized in that 

at least one first row (2) has a positional arrangement of 
the holes which differs from the positional arrangement of 
a second row (7) of rows through rotation of the holes. 

2. The spinneret plate (1) according to Claim 1, 
characterized in that 

the spinneret plate (1) has at least two different types 
of holes (3) . 

3. The spinneret plate (1) according to Claim 1 or 2, 
characterized in that 

the spinneret plate (1) is divided into at least two 
regions, in which the first region (11) and the second 
region (12) each having two or more rows of identical 
holes (3) . 

4. The spinneret plate (1) according to Claim 3, 
characterized in that 

the first region (11) has a positional arrangement of the 
holes (3) which is rotated by 180° in relation to the 
positional arrangement of the holes (3) in the second 
region (12) . 

5. The spinneret plate (1) according to one of the preceding 
claims, 

characterized in that 
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at least the first region (11) and the second region (12) 
are separated from one another by a gap (14) , 

6. The spinneret plate (1) according to Claim 5, 
characterized in that 

the gap (14) is the same size or larger than a distance 
between two rows of identical holes (3) . 

7. A spin packet (23) having at least a first spinneret plate 

(24) and a second spinneret plate (25)^ in which the first 
spinneret plate (24) and the second spinneret plate (25) 
being positioned neighboring one another in the spin 
packet (23) and the first spinneret plate (24) and the 
second spinneret plate (25) each having non-round holes, 
in which the holes in the first spinneret plate (24) being 
positioned rotated in relation to the holes in the second 
spinneret plate (25) • 

8. The spin packet (23) according to Claim 1, 
characterized in that 

the holes in the first spinneret plate (24) have the same 
dimensioning as the holes of the second spinneret plate 

(25) . 

9. The spin packet (23) according to Claim 7 or 8, 
characterized in that 

the first and/or the second spinneret plate (24, 25) have 
different types of holes. 

10. A spunbonded fabric manufacturing device (28) having a 
first and a second gas supply for cooling and/or 
stretching filaments, in which the first and the second 
gas supplies being positioned parallel to one another and 
having at least partially diametrically opposite escape 
openings, having multiple identical spinneret holes, which 
have a non-round cross-section, a first region of 
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identically aligned spinneret holes discharging in a 
blowing region of the first escape opening and a second 
region of identically aligned spinneret holes discharging 
in a blowing region of the second escape opening and the 
first and the second regions being spatially separated 
from one another, the spinneret holes of the first region 
being rotated in relation to the spinneret holes of the 
second region in such a way that a polymer material 
discharged from the spinneret holes is siibjected to 
identical blowing in the first region and in the second 
region. 

11. A method of cooling and/or stretching a molten polymer 
material during spxinbonded fabric manufacturing, the 
polymer material being discharged from multiple non-round 
holes (3) , which are similar to trilobal or multiarmed 
holes in particular, in at least one spinneret plate (1) 
and forming polymer filaments, a first gas flow upon 
impinging from a first side and a second gas flow upon 
impinging from a second side on the polymer material 
coming out of the holes, characterized in that the first 
gas flow, at least upon impinging on a first row of 
polymer filaments, is guided along their shape in mirror 
image in comparison to guiding of the second gas flow upon 
in^inging on a first row of polymer filaments at its 
location. 

12. The method according to Claim 11, 
characterized in that 

the first gas flow and the second gas flow are guided in 
mirror image to one another over multiple rows of polymer 
filaments . 

13. The method according to Claim 11 or 12, 
characterized in that 
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both gas flows are at least partially deflected from a 
first polymer filament row onto a neighboring second 
polymer filament row. 

The. method according to Claim 13 , 
characterized in that 

both gas flows are deflected onto a second polymer 
filament row, which follows the first polymer filament row 
in a blowing direction. 
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